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Electroacupuncture
improves synaptic plasticity
by regulating the 5-HT1A
receptor in hippocampus
of rats with chronic
unpredictable mild stress
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Shanshan Qu1, Jialing Zhang2, Jiping Zhang1,
Zhinan Zhang1, Yong Huang1,† and
Zheng Zhong3,†

Abstract

Objectives: To investigate the antidepressant effects of electroacupuncture (EA) on chronic

unpredictable mild stress (CUMS) in rats, as well as the effects of EA on hippocampal neurons,

synaptic morphology, and 5-hydroxytryptamine (HT) receptor expression.

Methods: Forty adult male Wistar rats were randomly divided into normal control, CUMS, EA,

and paroxetine groups. CUMS modeling was performed for 21 days, followed by 14 days of

intervention: rats in the EA group underwent stimulation of GV20 and GV29 acupuncture points

for 30 minutes daily; rats in the paroxetine group were administered paroxetine daily. Behavioral

tests, transmission electron microscopy, western blotting, and real-time quantitative polymerase

chain reaction were used to evaluate the effects of the intervention.

Results: EA treatment reversed the behavioral changes observed in rats due to CUMS modeling;

it also improved the pathological changes in organelles and synaptic structures of hippocampal
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neurons, and upregulated the protein and mRNA expression levels of 5-HT1A receptor. There

were no significant differences in 5-HT1B receptor protein and mRNA expression levels among

the groups.

Conclusions: EA treatment can alleviate depression-like symptoms in CUMS rats. The under-

lying mechanism may include promoting the expression of 5-HT1A receptor mRNA and protein,

thereby improving synaptic plasticity in the hippocampus.
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Introduction

Depression is a common mental disorder
with combined point, 1-year period, and life-
time prevalences of 12.9%, 7.2%, and
10.8%, respectively; it is associated with a
high economic burden.1,2 Work-related dis-
ability and loss of productivity due to depres-
sion contribute substantially to the economic
costs of depression.3 Antidepressants are the
main therapeutic agents for depression;4,5

however, a major barrier to antidepressant
treatment is that approximately one-third
of affected patients discontinue medication
because of ineffectiveness or adverse reac-
tions.6 Furthermore, rapid antidepressants
cause safety and ethical concerns.7,8 Thus,
more effective and safer antidepressant treat-
ment strategies are needed.

There is increasing evidence that the
pathogenesis of depression is closely related
to hippocampal synaptic plasticity.9 One
study revealed reduced hippocampal vol-
umes in depressed patients, which were
associated with neuronal atrophy, synaptic
dysfunction, and synaptic loss.10 Serotonin
is an important neuroregulatory transmitter
that strongly influences synaptic plasticity;
5-hydroxytryptamine (HT) can reverse
these changes by interacting with the corre-
sponding receptor to regulate synaptic plas-
ticity.11,12 Extracellular 5-HT levels can
increase rapidly,13 leading to the activation

and response of postsynaptic and presynap-

tic 5-HT receptors (i.e., 5-HT1A and

5-HT1B receptors) in many brain

regions.14,15 Recent research has also

shown that novel antidepressants modulate

brain-derived neurotrophic factor levels in

the hippocampus and induce neurogenesis

in this region.16,17 Therefore, we presume

that the hippocampus is an important

brain region for the treatment of depression.
Acupuncture is a characteristic tradition-

al Chinese medicine therapy that has

been proven effective in the treatment of

depression.18–21 Electroacupuncture (EA)

has been shown to enhance stress-induced

reductions in hippocampal 5-HT levels

in animal models.22 Previously, we found

that electricity has an antidepressant-like

effect in depressed patients or animals;

moreover, the antidepressant mechanism

of EA is related to hippocampal synaptic

plasticity.23,24 The 5-HT receptor contrib-

utes to serotonin-mediated regulation of

synaptic plasticity, as well as modulation

of 5-HT levels.
To further confirm the efficacy of EA as

an antidepressant and to explore possible

mechanisms underlying the therapeutic

effects of EA, we analyzed the effects of

EA on hippocampal synaptic plasticity

and the expression levels of 5-HT1A and

5-HT1B receptors. Here, we used the
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chronic unpredictable mild stress (CUMS)
model of depression, which is effective, reli-

able, and widely used.25 The CUMS model

resembles the human experience of depres-
sion and has been validated in previous

antidepressant studies.26,27 Governor
vessel (GV) 20 and GV 29 were selected

for EA intervention, because these acu-

points are commonly used for treatment
of depression.28

Materials and methods

Animals

Forty 6-week-old male Wistar rats (weight

200� 20 g, from the Experimental Animal
Center of Southern Medical University)

were used in this experiment. All rats were
housed in single cages under a 12-hour/

12-hour light/dark cycle in a standard spe-

cific pathogen-free facility (temperature,
24� 2�C; humidity, 50% to 60%); good

indoor ventilation was ensured during feed-
ing times. Rats were subjected to adaptive

feeding for 7 days before the experiment.

At the end of the adaptive feeding period,
rats with greater behavioral differences

were identified with the aid of behavioral
indicators; these rats were excluded from

the experiment. All animal procedures

were conducted in accordance with the
National Institutes of Health Guide for

Animal Care and Use, and were approved
by the Ethics Committee on Animal

Experimentation of Southern Medical
University (approval no. L2015056).

Groups

Rats were randomly divided into four

groups: normal control (n¼ 10), CUMS

(n¼ 10), EA (n¼ 10), and paroxetine

(n¼ 10). Rats in the normal control group

were raised normally without any treat-

ment; they received food and water ad

libitum throughout the experiment. The

remaining groups were subjected to 21

days of CUMS exposure (i.e., the modeling

period). A 14-day intervention of EA or

paroxetine was conducted after completion

of CUMS modeling (Table 1).

CUMS procedure

With the exception of rats in the normal

control group, all rats were randomly

exposed to 10 different stressors within 21

days.29,30 The schedule of randomly select-

ed stressors is shown in Table 2. Following

stimulation, CUMS rats were evaluated by

means of a behavioral assessment

(described in the subsection “Behavioral

assessment”).

Interventions

Rats in the EA group were treated with

EA at GV 20 (above the apex auriculate,

on the midline of the head) and GV 29

(at the middle point between the eyes)

beginning on day 22 (1 day after CUMS

modeling was complete), once per day for

30 minutes (Figure 1).19,22 Acupuncture

needles (0.30mm� 25mm, Hwato Brand,

Suzhou Medical Instrument Factory,

Table 1. Schedule for animal experiment.

Normal CUMS EA Paroxetine

Days 1–21 Normal feeding CUMS modeling

Day 22 Behavioral tests

Days 22–35 No intervention EA intervention Paroxetine

intervention

Day 36 Behavioral tests, tissue collection
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Suzhou, China) pierced the skin horizontal-
ly at GV 20 and GV 29 at a depth of 5 mm
to Deqi. During needling, electrodes
were connected to the needle handle; the
Econtinuous wave current had a frequency
of 2Hz and intensity of 0.6mA for
30 minutes per treatment. Rats in the par-
oxetine group underwent daily intragastric

administration of paroxetine (1.8mg/kg/

day, SK & F, Tianjin, China), following

30 minutes of immobilization to ensure

treatment similar to that of the EA

group.31 The CUMS group was also immo-

bilized for 30 minutes, as in the EA group.

All interventions were performed once per

day for 14 days (from day 22 to day 35).

Behavioral assessment

Behavioral tests were conducted twice

(i.e., after modeling and after intervention)

to evaluate the effects of these experimental

manipulations. Before the sucrose prefer-

ence test, rats were trained to drink in a

quiet environment from two identical

water bottles in each cage. For the first

24 hours, both bottles contained the same

amount of 1% sucrose solution (200 g). For

the second 24 hours, one bottle contained

1% sucrose solution (200 g) and the other

one contained water (200 g). The rats

were then deprived of water and food for

23 hours. The test phase began on the fol-

lowing morning: rats were administered the

same amounts of 1% sucrose solution

Table 2. Schedule for CUMS modeling procedure.

Stressor Day

Water deprivation for

24 hours

10 21

Fasting for 24 hours 1 20

Wet padding for 24 hours 6 13

Inversion of the light/dark

cycle for 24 hours

2 16

Stroboscopic illumination for

12 hours

7 15

Physical restraint for 4 hours 3 11 17

Swimming in cold water at

4�C for 5 minutes

5 14

Swimming in warm water at

45�C for 5 minutes

9 18

Level shaking for 5 minutes 4 12

Tail nip for 3 minutes 8 19

Figure 1. Diagram of rat acupoints.
This diagram was drawn in accordance with the schematic published in Experimental Acupuncture Science
(Shanghai Scientific & Technical Publishers).
Yu SG and Guo Y. Experimental Acupuncture Science. 2nd ed. Shanghai, China: Shanghai Scientific &
Technical Publishers, 2014, p146.
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(200 g) and water (200 g), and the liquid

consumption (in grams) was measured

after 1 hour. Sucrose preference was calcu-

lated by the ratio of sucrose solution con-

sumed to total liquid consumed.
In the open field test, the open field test

box was placed in a quiet and dark room to

avoid the influence of sound and light

during the experiment. The field was divid-

ed equally into 25 grids, and each grid was

numbered from left to right. The central

region consisted of nine grids and the

peripheral region consisted of 16 grids (cen-

tral region:peripheral region¼ 9:16). Each

rat was placed gently in the center of the

field to observe the time spent in the central

region and total activity for 5 minutes. The

entire recording and evaluation process was

completed using a video camera (SSG-G218,

Sony, Beijing, China) and related software

(Smart 3.0, Panlab, Cornellà, Spain).

Transmission electronic microscopy (TEM)

TEMwas used to observe the morphological

structure of hippocampal tissue after CUMS

modeling and subsequent interventions.

Rats were anaesthetized by intraperitoneal

injection of 2% pentobarbital sodium

(0.3mL/100 g). Then, rats received aortic

infusions of 0.9% normal saline and cooled

4% polyformaldehyde. Hippocampal

tissues were collected and fixed in 2.5%

glutaraldehyde.
To prepare specimens for TEM, hippo-

campal tissues were rinsed in 0.1mol/L

phosphoric acid and fixed in 1% osmium

tetroxide. Subsequently, tissues were dehy-

drated using ascending concentrations of

acetone and ethanol, then embedded in

epoxy resin. Embedded hippocampal tis-

sues were cut in semi-thin sections (0.5–

2 mm), then stained with uranyl acetate

and lead citrate. Sections were photo-

graphed by a transmission electron micro-

scope (H-7500, Hitachi, Tokyo, Japan).

Western blotting analysis

Protein levels of 5-HT1A and 5-HT1B recep-

tors were measured by western blotting. Rats

were anesthetized by intraperitoneal injection

of 2% pentobarbital sodium (0.3mL/100 g),

then decapitated. Hippocampal tissue was

immediately removed and frozen in liquid

nitrogen. Frozen hippocampal tissue was

thawed and lysed in lysis buffer (Beyotime

Biotechnology, Shanghai, China); lysates

were centrifuged at 14,000 �g for 10 minutes

at 4�C, and supernatants were collected for

subsequent detection. Protein concentrations

were measured using the PierceVR BCA

Protein Assay Kit (KeyGene, Nanjing,

China). Proteins were separated using 10%

sodium dodecyl sulfate-polyacrylamide elec-

trophoresis gels and transferred onto polyvi-

nylidene difluoride membranes (Millipore,

Billerica, MA, USA). Membranes were

blocked with 10�Tris-buffered saline and

20% Tween-20, diluted in distilled water

(TBST) for 1 hour at room temperature;

they were then incubated with primary anti-

body overnight at 4�C (anti-5-HT1A, Cat.

No. GTX104703, 1:1500 dilution; anti-

5-HT1B, Cat. No. GTX100009, 1:1000

dilution; GeneTex, Irvine, CA, USA).

Subsequently, membranes were washed

three times with TBST (10minutes per

wash) and then incubated with secondary

antibody, goat anti-rabbit IgG (horseradish

peroxidase-conjugated, 1:20,000 dilution;

SouthernBiotech, Birmingham, AL,

USA), for 1 hour at room temperature.

Membranes were again washed three times

with TBST (10minutes per wash); protein

bands were then visualized by enhanced

chemiluminescence with Immobilon

Western HRP Substrate (Cat. No.

WBKLS0500; Millipore), using X-ray film.

Band intensities were quantified by optical

densitometry using ImageJ software

(National Institutes of Health, Bethesda,

MD, USA).
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Quantitative real-time polymerase chain
reaction (PCR) analysis of mRNAs

Quantitative real-time PCR was used to
evaluate mRNA expression levels of
5-HT1A and 5-HT1B receptors. Methods
of anesthesia and tissue collection in rats
were the same as those described in western
blotting analysis. Total RNA was extracted
using Trizol (Invitrogen, Carlsbad, CA,
USA), in accordance with the manufac-
turer’s instructions.32 Eppendorf tubes
were loaded with 5mL total RNA, 1 mL
primer, 1 mL of 1 nM dNTP Mix (Life
Technologies, Carlsbad, CA, USA), and
5 mL diethyl pyrocarbonate-treated water.
To achieve reverse transcription, the tubes
were incubated in a 65�C water bath for
5 minutes, then incubated for 1 minute at
0�C. Subsequently, 4 mL of 5x first-strand
buffer, 2 mL of 0.1M dithiothreitol, 1 mL
RNaseOUT, and 200 mL SuperScript III
RT (all purchased from Life Technologies)
were added to each tube; the tubes were
incubated at 25�C for 5 minutes, 42�C for
60 minutes, and 70�C for 15 minutes in
quick succession, followed by immediate
freezing at 0�C.

Quantitative real-time PCR was per-
formed after reverse transcription, using
the primer sequences shown in Table 3;
the Real-time Quantitative PCR Detection
System (Life Technologies) was used to per-
form amplification and detection. b-actin
was used as the reference gene to normalize
the 5-HT1A and 5-HT1B data.

Amplification conditions were initial dena-

turation at 95�C for 20 seconds, followed

by 40 cycles of 95�C for 3 seconds and

59�C for 30 seconds. After amplification,

agarose gel electrophoresis was performed

to verify that amplification had occurred;

the bands were analyzed under ultraviolet

light. SYBR Green real-time PCR Master

Mix (Life Technologies) was used for quan-

titative real-time PCR to evaluate the con-

centrations of PCR amplification products.

Results were calculated using the 2�DDCT

method and b-actin was used to normalize

the values. The normal control group was

used for calibration, such that the relative

expression levels of 5-HT1A and 5-HT1B

receptor in the control group were defined

as 1; the expression levels in other groups

were calculated as fold changes relative to

the levels in the normal control group.

Statistical methods

Data were analyzed and processed using

SPSS Statistics, version 20.0 (IBM Corp.,

Armonk, NY, USA); the results are

expressed as mean� standard deviation.

All data were evaluated for statistically sig-

nificant differences using one-way analysis

of variance followed by least significant dif-

ference post hoc tests, or Dunnett’s post

hoc test if heteroscedasticity was present

(as determined by the F-test). Differences

with P< 0.05 were considered statistically

significant.

Table 3. Sequences of primers for quantitative real-time polymerase chain
reaction.

Gene Primer name Primer sequence

5-HT1A 1.5-HT1A-F TCCGACGTGACCTTCAGCTA

1.5-HT1A-R GCCAAGGAGCCGATGAGATA

5-HT1B 2.5-HT1B-F CCGGCTAACTACCTGATCGC

2.5-HT1B-R TATCCGACGACAGCCAGAAG

b-actin rat-actb-F ACGCACGATTTCCCTCTCA

rat-actb-R CTCATGCCATCCTGCGTCT

6 Journal of International Medical Research



Results

Effects of EA intervention on depressive
behavior in CUMS rats

As shown in Figure 2, compared with the
normal control group, the weight of the
CUMS group decreased significantly
(P< 0.001); EA intervention led to a signif-
icant increase in weight (P¼ 0.003). The
sucrose preference rate was reduced after
CUMS modeling (P¼ 0.001); this prefer-
ence improved after EA intervention
(P< 0.001). The resting time in center
(P< 0.001) and total traveled distance
(P¼ 0.017) also decreased after CUMS
modeling; EA intervention reversed these
behaviors (P¼ 0.001 and P¼ 0.039,
respectively).

Similarly, increases in body weight
(P¼ 0.009), sucrose preference rate (P¼
0.011), resting time in center (P< 0.001)
and total traveled distance (P¼ 0.039)
were observed in the paroxetine group,
compared with the CUMS group. There
were no significant differences in behavioral
indicators between the EA and paroxetine
groups. These results suggested that EA
intervention could improve depression-like
behavior, in a manner similar to that of par-
oxetine intervention.

Effects of EA intervention on hippocampal
morphology in CUMS rats

TEM was used to observe pathological
changes in depressed rats, before and after
intervention. Normal morphologies of

Figure 2. EA intervention improved depressive behavior in CUMS rats.
Behavioral test results after CUMS modeling, EA intervention, and paroxetine intervention. (a) Weight.
(b) Sucrose preference rate. (c) Resting time in center. (d) Total traveled distance. Data are expressed as
mean� standard deviation. *P< 0.05, **P< 0.01, compared with CUMS group.
Abbreviations: EA, electroacupuncture; CUMS, chronic unpredictable mild stress.
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synapses, mitochondria, and Golgi appara-
tuses were all clearly visible in the normal
control group (Figure 3a). Pathological
changes in hippocampal neuronal organ-
elles were observed after CUMS modeling
(Figure 3b). In the CUMS group, the inter-
stitial spaces of most mitochondrial cristae
were swollen, the number of mitochondrial
cristae had decreased, the structure was
fuzzy and disordered, and mitochondrial
focal cavitation was present (Figure 3b,
blue arrow in model group). Although syn-
aptic structure was discernible, the synaptic
cleft was blurred, and there were few syn-
aptic vesicles (Figure 3b, red arrow).

The severity of pathological changes
in hippocampal neuronal organelles
was markedly reduced after EA interven-
tion (Figure 3c). Few mitochondria were
swollen, although the number of mitochon-
drial cristae remained low (Figure 3c,
blue arrow). The synaptic structure, presyn-
aptic membrane, postsynaptic membrane,
and synaptic vesicles were clearly visible;
moreover, the postsynaptic density exhib-
ited a long active zone (Figure 3c, red
arrow). Similar reductions in pathological
changes in hippocampal neurons were
present after paroxetine intervention
(Figure 3d).

Figure 3. EA intervention improved the morphologies of hippocampal organelles and synapses in CUMS
rats.
Transmission electron microscopy photographs of hippocampal morphology after CUMS modeling, EA
intervention, and paroxetine intervention. Scale bars, 500 nm. (a) Hippocampal morphology in normal
control group. (b) Hippocampal morphology in CUMS group. (c) Hippocampal morphology in EA group.
(d) Hippocampal morphology in paroxetine group.
Abbreviations: EA, electroacupuncture; CUMS, chronic unpredictable mild stress.
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Effects of EA intervention on protein
expression levels of 5-HT receptors
in the hippocampus

Western blotting revealed that the protein
expression levels of 5-HT1A receptor in hip-
pocampal tissues significantly decreased after
CUMS modeling (P¼ 0.004). Notably, EA
intervention resulted in upregulation of
5-HT1A receptor expression, compared
with the levels observed in the CUMS
group (P¼ 0.005) (Figure 4a). However,
there were no obvious changes in protein
expression levels of the 5-HT1B receptor
after CUMS modeling and EA intervention
(Figure 4b).

Effect of EA intervention on mRNA
expression levels of 5-HT receptors
in the hippocampus

mRNA expression levels of 5-HT1A and
5-HT1B in the hippocampus on day 36
are summarized in Figure 5. mRNA expres-
sion levels of 5-HT1A receptor significantly
increased after EA intervention, compared
with the levels observed in the CUMS
group (P¼ 0.019). Paroxetine intervention
had a similar effect (P¼ 0.030). There
were no significant differences in mRNA
expression levels of the 5-HT1B receptor
among the CUMS, EA, and paroxetine
groups.

Figure 4. Protein expression levels of 5-HT1A and 5-HT1B receptors were altered in rat hippocampus
after EA intervention.
Protein expression levels were assessed by western blotting. Results in (a) and (b) are from independent
experiments performed in triplicate. (a) Relative protein expression of 5-HT1A. (b) Relative protein
expression of 5-HT1B. c Representative protein bands of 5-HT1A and 5-HT1B from hippocampal tissues. In
(a) and (b), data are expressed as mean� standard deviation. *P< 0.05, **P< 0.01 compared with CUMS
group.
Abbreviations: EA, electroacupuncture; CUMS, chronic unpredictable mild stress.
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Discussion

In the current study, we aimed to identify

the mechanism by which EA protects

against depression, through evaluations of

the effects of EA on hippocampal synaptic

plasticity and associated 5-HT receptors.

In this study, we selected paroxetine inter-

vention as a positive control treatment.

Considering the close similarities in physio-

logical cycles between rats and humans, as

well as the therapeutic delay of paroxetine

and cumulative effect of acupuncture,33,34

we selected 2 weeks after intervention was

selected as the time point for assessment of

therapeutic effects.
We used behavioral tests to measure

changes in appetite, anhedonia, and anxiety

in the experimental rats. The results

of this study showed that weight, sucrose

preference rate, resting time in center, and

total traveled distance were all reduced

after CUMS modeling, compared with the

normal control group. These findings are

consistent with those of recently published

research,35 which suggest that CUMS

modeling successfully induces depression-

like behavior in rats. Two weeks after

EA intervention, the behavioral indices of

CUMS rats improved significantly,

indicating that EA intervention could
improve depression-like behavior.

TEM analysis revealed that CUMS
modeling caused alterations in rat hippo-

campal neuronal organelles. Pathological
changes in mitochondria and reduced

numbers of synaptic vesicles influence
neurotransmitter release, thereby affecting
synaptic transmission. Combined with the

fuzzy and disordered structure observed in
the synaptic cleft, these results suggested

that continuous stress stimulation may
lead to changes in the morphology and
structure of neurons and synapses, which

affect hippocampal synaptic plasticity.36–39

After EA intervention, improvements in

hippocampal neuronal organelle lesions
were observed, along with a reduced

number of swollen mitochondria, an increase
in postsynaptic density, and a longer active
zone. Changes in hippocampal morphology

observed before and after intervention were
consistent with the trends of the behavioral

indicators; these findings confirmed the anti-
depressant effects of EA, as well as the rela-

tionship of these effects with hippocampal
synaptic plasticity.

The serotonin system has been confirmed
to play an important role in the regulation
of synaptic plasticity; the underlying

Figure 5. mRNA expression levels of 5-HT1A and 5-HT1B receptors were altered in rat hippocampus
after EA intervention.
mRNA expression levels were assessed by quantitative real-time polymerase chain reaction.
(a) Relative mRNA expression of 5-HT1A. (b) Relative mRNA expression of 5-HT1B. Data are
expressed as mean� standard deviation. *P< 0.05, **P< 0.01 compared with CUMS group
Abbreviations: EA, electroacupuncture; CUMS, chronic unpredictable mild stress.
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mechanism is mainly related to the activities
of 5-HT receptors.40 Previous studies have
shown that the regulatory effects of 5-HT
on synaptic plasticity are mainly achieved
through postsynaptic 5-HT1A receptors.41

Importantly, 5-HT1A receptors in the
hippocampus are mainly distributed in the
postsynaptic membrane; in the present
study, we observed reductions in both the
protein and mRNA expression levels of
5-HT1A receptors in the rat hippocampus
after CUMS modeling, consistent with the
findings of previous investigations.42,43 We
also found that EA or paroxetine treatment
led to upregulation of 5-HT1A and
enhanced expression of 5-HT1A receptor
mRNA. These results suggest that EA
achieves its antidepressant effect by enhanc-
ing the excitability of postsynaptic 5-HT1A
receptors (i.e., 5-HT1A heteroreceptors).

Some studies have revealed that 5-HT1B
can improve depression-like behavior by
regulating synapses of lateral habenula.44

However, in the present study, we found
no significant differences in the protein and
mRNA expression levels of 5-HT1B among
CUMS, EA, and paroxetine groups after
interventions had been completed. We pre-
sume that the discrepant results may be due
to differences in 5-HT1B receptor functions
among brain regions.

Overall, our findings suggested that
changes in protein and mRNA expression
levels of 5-HT1A receptor in the hippocam-
pus, coupled with changes in hippocampal
synaptic plasticity, might be the key patho-
logical mechanism of depression. However,
this study had some limitations. First, to
ensure TEM image quality, slightly differ-
ent image magnifications were used for dif-
ferent groups. However, we presume that
the results were not affected by this
change in magnification. Second, although
we carefully evaluated each organelle and
synaptic structure, and performed detailed
mRNA expression analysis of 5-HT1A and
5-HT1B receptors in the hippocampus,

we did not analyze expression among spe-
cific regions of the hippocampus; notably,
the functions of these receptors may differ
among regions of the hippocampus. Third,
in this study, we focused only on the mech-
anism by which EA protects against depres-
sion. If we had included a combination
treatment group (EA and paroxetine),
we might have been able to better investi-
gate the rapid onset mechanism regarding
the effects of EA combined with paroxetine.
Because the levels of pro-inflammatory
cytokines are significantly higher in patients
with depression and anti-cytokine agents
have been shown to reduce depressive
symptoms (e.g., anhedonia),45,46 further
investigations are needed to determine the
effects of EA intervention on pro-
inflammatory cytokines.

Conclusions

Based upon the evidence in this study
regarding the regulatory effect of 5-HT on
synaptic plasticity, we conclude that EA
intervention can improve mRNA expres-
sion of 5-HT1A receptor, thereby promot-
ing synaptic plasticity and alleviating
depression-like behavior.

Acknowledgements

We thank Editage (www.editage.com) for

English language editing.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This work was supported by the National

Natural Science Foundation of China [grant

nos. 81873359, 81603474]; the Natural Science

Foundation of Guangdong Province [grant nos.

2016A030313522, 2016A030310383]; the Science

and Technology Program of Guangzhou [grant

no. 201707010041]; and the Dean’s Foundation

Chen et al. 11

http://www.editage.com


of Nanfang Hospital of Southern Medical

University [grant no. 2018Z023].

ORCID iD

Zengyu Yao https://orcid.org/0000-0003-

3553-972X

References

1. Lim GY, Tam WW, Lu Y, et al. Prevalence

of depression in the community from 30

countries between 1994 and 2014. Sci Rep

2018; 8: 2861.
2. Ho RC, Mak K, Chua AN, et al. The effect

of severity of depressive disorder on eco-

nomic burden in a university hospital in

Singapore. Expert Rev Pharmacoecon

Outcomes Res 2013; 13: 549–559.
3. Lee Y, Rosenblat JD, Lee J, et al. Efficacy of

antidepressants on measures of workplace

functioning in major depressive disorder: a

systematic review. J Affect Disord 2018; 227:

406–415.
4. Tran BX, Ha GH, Vu GT, et al. Indices

of change, expectations, and popularity of

biological treatments for major depressive

disorder between 1988 and 2017: a sciento-

metric analysis. Int J Environ Res Public

Health 2019; 16: 2255.
5. Knorr U and Kessing LV. The effect of

selective serotonin reuptake inhibitors in

healthy subjects. A systematic review. Nord

J Psychiatry 2010; 64: 153–163.
6. Tomlinson A, Efthimiou O, Boaden K, et al.

Side effect profile and comparative tolerabil-

ity of 21 antidepressants in the acute treat-

ment of major depression in adults: protocol

for a network meta-analysis. Evid Based

Ment Health 2019; 22: 61.
7. Zhang MWB and Ho RCM. Ketamine’s

potential as a rapid antidepressant was over-

played. BMJ 2015; 351: h4467.
8. Zhang MW, Harris KM and Ho RC. Is off-

label repeat prescription of ketamine as a

rapid antidepressant safe? Controversies,

ethical concerns, and legal implications.

BMC Med Ethics 2016; 17: 4.
9. Vose LR and Stanton PK. Synaptic plastic-

ity, metaplasticity and depression. Curr

Neuropharmacol 2017; 15: 71–86.

10. Duman RS and Aghajanian GK. Synaptic

dysfunction in depression: potential thera-

peutic targets. Science 2012; 338: 68–72.
11. Johansen JP, Cain CK, Ostroff LE, et al.

Molecular mechanisms of fear learning and

memory. Cell 2011; 147: 509–524.
12. Lesch K and Waider J. Serotonin in the

modulation of neural plasticity and net-

works: implications for neurodevelopmental

disorders. Neuron 2012; 76: 175–191.
13. Bymaster FP, Wei Z, Carter PA, et al.

Fluoxetine, but not other selective serotonin

uptake inhibitors, increases norepinephrine

and dopamine extracellular levels in prefron-

tal cortex. Psychopharmacology 2002; 160:

353–361.
14. Fakhoury M. Revisiting the serotonin

hypothesis: implications for major depres-

sive disorders. Mol Neurobiol 2016; 53:

2778–2786.
15. Carr GV and Lucki I. The role of serotonin

receptor subtypes in treating depression: a

review of animal studies. Psychopharmacology

2011; 213: 265–287.
16. Lu Y, Ho CS, McIntyre RS, et al.

Agomelatine-induced modulation of brain-

derived neurotrophic factor (BDNF) in the

rat hippocampus. Life Sci 2018; 210:

177–184.
17. Lu Y, Ho CS, McIntyre RS, et al. Effects of

vortioxetine and fluoxetine on the level of

brain derived neurotrophic factors (BDNF)

in the hippocampus of chronic unpredictable

mild stress-induced depressive rats. Brain

Res Bull 2018; 142: 1–7.
18. Sun M, Wang K, Yu Y, et al.

Electroacupuncture alleviates depressive-

like symptoms and modulates BDNF signal-

ing in 6-hydroxydopamine rats. Evid Based

Complement Alternat Med 2016; 2016:

7842362.
19. Li W, Zhu Y, Saud SM, et al.

Electroacupuncture relieves depression-like

symptoms in rats exposed to chronic unpre-

dictable mild stress by activating ERK sig-

naling pathway. Neurosci Lett 2017; 642:

43–50.
20. Li S, Li Z, Wu Q, et al. A multicenter, ran-

domized, controlled trial of electroacupunc-

ture for perimenopause women with

12 Journal of International Medical Research

https://orcid.org/0000-0003-3553-972X
https://orcid.org/0000-0003-3553-972X
https://orcid.org/0000-0003-3553-972X


mild-moderate depression. Biomed Res Int

2018; 2018: 5351210.
21. Qaseem A, Barry MJ and Kansagara D.

Nonpharmacologic versus pharmacologic

treatment of adult patients with major

depressive disorder: a clinical practice guide-

line from the American College of

Physicians. Ann Intern Med 2016; 164:

350–359.
22. Duan D, Tu Y, Yang X, et al.

Electroacupuncture restores 5-HT system

deficit in chronic mild stress-induced

depressed rats. Evid Based Complement

Alternat Med 2016; 2016: 7950635.
23. Qu S. The clinical and Rs-fMRI study on

mild-to-moderate primary depression

treated with electro-acupuncture at GV24

and GV29 (in Chinese). PhD Thesis,

Southern Medical University, China, 2015.
24. Zhang J, Zhang Z, Zhang J, et al. iTRAQ-

based protein profiling in CUMS rats pro-

vides insights into hippocampal ribosome

lesion and Ras protein changes underlying

synaptic plasticity in depression. Neural

Plast 2019; 2019: 7492306.
25. Antoniuk S, Bijata M, Ponimaskin E, et al.

Chronic unpredictable mild stress for model-

ing depression in rodents: meta-analysis of

model reliability. Neurosci Biobehav Rev

2019; 99: 101–116.
26. Yang JL, Liu DX, Jiang H, et al. The effects

of high-fat-diet combined with chronic

unpredictable mild stress on depression-like

behavior and leptin/leprb in male rats. Sci

Rep 2016; 6: 35239.
27. Lu Y, Ho CS, Liu X, et al. Chronic admin-

istration of fluoxetine and pro-inflammatory

cytokine change in a rat model of depres-

sion. PLoS One 2017; 12: e186700.
28. Zou Z, Qian W and Zhou W. Study on the

law of choosing acupoints of acupuncture

and moxibustion treatment for depression.

Guiding Journal of Traditional Chinese

Medicine and Pharmacy 2017; 23: 55–57.

[in Chinese]
29. Xu J, She Y, Su N, et al. Effects of electro-

acupuncture on chronic unpredictable

mild stress rats depression-like behavior

and expression of p-ERK/ERK and p-P38/

P38. Evid Based Complement Alternat Med

2015; 2015: 650729.

30. Lu J, Shao R, Jin S, et al. Acupuncture

ameliorates inflammatory response in a

chronic unpredictable stress rat model of

depression. Brain Res Bull 2017; 128:

106–112.
31. Zhu X, Ye G, Wang Z, et al. Sub-anesthetic

doses of ketamine exert antidepressant-like

effects and upregulate the expression of glu-

tamate transporters in the hippocampus of

rats. Neurosci Lett 2017; 639: 132–137.
32. Rio DC, Ares M, Hannon GJ, et al.

Purification of RNA using TRIzol (TRI

reagent). Cold Spring Harb Protoc 2010;

2010: t5439.
33. Wang J. Analysis on interrelation between

electroacupuncture-induced cumulative

analgesic effect and neuronal plasticity and

MAPL/ERK signal pathway in the hippo-

campus (in Chinese). PhD Thesis, China

Academy of Chinese Medical Sciences,

China, 2013.
34. Charney DS, Menkes DB and Heninger GR.

Receptor sensitivity and the mechanism

of action of antidepressant treatment.

Implications for the etiology and therapy

of depression. Arch Gen Psychiatry 1981;

38: 1160–1180.
35. Xu P, Wang K, Lu C, et al. Effects of the

chronic restraint stress induced depression

on reward-related learning in rats. Behav

Brain Res 2017; 321: 185–192.
36. Brot S, Auger C, Bentata R, et al. Collapsin

response mediator protein 5 (CRMP5) indu-

ces mitophagy, thereby regulating mitochon-

drion numbers in dendrites. J Biol Chem

2014; 289: 2261–2276.
37. Ivannikov MV, Sugimori M and Llinás RR.

Synaptic vesicle exocytosis in hippocampal

synaptosomes correlates directly with total

mitochondrial volume. J Mol Neurosci

2013; 49: 223–230.
38. Hei M, Chen P, Wang S, et al. Effects of

chronic mild stress induced depression on

synaptic plasticity in mouse hippocampus.

Behav Brain Res 2019; 365: 26–35.
39. Todorova V and Blokland A. Mitochondria

and synaptic plasticity in the mature and

aging nervous system. Curr

Neuropharmacol 2017; 15: 166–173.
40. Kraus C, Castr�en E, Kasper S, et al.

Serotonin and neuroplasticity–links between

Chen et al. 13



molecular, functional and structural patho-
physiology in depression. Neurosci Biobehav

Rev 2017; 77: 317–326.
41. Carhart-Harris RL and Nutt DJ. Serotonin

and brain function: a tale of two receptors.
J Psychopharmacol 2017; 31: 1091–1120.

42. Lian L, Xu Y, Zhang J, et al.
Antidepressant-like effects of a novel curcu-
min derivative J147: involvement of 5-HT1A
receptor. Neuropharmacology 2018; 135:
506–513.

43. Albert PR and Vahid-Ansari F. The
5-HT1A receptor: signaling to behavior.
Biochimie 2019; 161: 34–45.

44. Anthony JP, Sexton TJ and Neumaier JF.
Antidepressant-induced regulation of

5-HT1b mRNA in rat dorsal raphe nucleus
reverses rapidly after drug discontinuation.
J Neurosci Res 2000; 61: 82–87.

45. Liu Y, Ho RC and Mak A. Interleukin
(IL)-6, tumour necrosis factor alpha
(TNF-a) and soluble interleukin-2 receptors
(sIL-2R) are elevated in patients with major
depressive disorder: a meta-analysis and
meta-regression. J Affect Disord 2012; 139:
230–239.

46. Lee Y, Subramaniapillai M, Brietzke E,
et al. Anti-cytokine agents for anhedonia:
targeting inflammation and the immune
system to treat dimensional disturbances in
depression. Ther Adv Psychopharmacol 2018;
8: 337–348.

14 Journal of International Medical Research


